We have investigated the accessibility of the 5' CpG rich sequences (CpG islands) present in the 5' region of most if not all HLA class I genes to methylation sensitive rare cutter enzymes. We show that for HLA-A, -B, -C genes and a few other (but not all) class I sequences these CpG islands are unmethylated and therefore constitute HTF islands (CpG rich, unmethylated regions of DNA, usually associated with expressed genes). We then map precisely the HTF islands of the HLA-B and HLA-C genes and determine that they are separated by 130 Kb (in agreement with genetic data) and that these two genes are in the same transcriptional orientation on the chromosome.
INTRODUCTION
In the chromosomal DNA of vertebrates, the dinucleotide CpG occurs at about one fifth of the frequency predicted from base composition. In addition, the C nucleotide from the CpG is in most cases methylated and as a consequence, methylation sensitive endonucleases like Hpa II cleave vertebrate DNA poorly. Cooper et al.
(1), however, described a small fraction of the genome which is extensively cleaved by Hpa II and gave to this fraction of DNA the name of Hpa II tiny fragment (HTF) fraction. It is now known that this HTF fraction consists of "HTF islands", i.e. fairly short (1,000 to 2,000 bp) DNA sequences containing many unmethylated CpG dinucleotides. Lindsay and Bird (2) have shown that sequences from randomly selected HTF islands were transcribed in most of the cases in all the tissues tested. Meanwhile Tykocinski and Max (3) and more extensively Gardiner-Garden and Fromer (4) showed that all the sequenced house-keeping genes and several tissue specific genes are bounded in the 5' region by CpG rich islands, without providing direct evidence on their methylation status.
One important question is whether or not the CpG rich islands are in all cases HTF islands (CpG rich and unmethylated). Another one is whether
Nucleic Acids Research
or not the 30,000 HTF islands (2) found per haploid genome are randomly distributed all over the vertebrate genome, which would imply an average distance of approximately 100 kb between successive islands. We wanted to ask these questions in the case of the HLA class I genes and their DNA neighbourhood.
Large-scale mapping methods combined with more conventional studies have provided much information about the organization of genes in the MHC, in particular in man. Fairly simple patterns (5) are observed in pulsed field gel blots of human DNA cleaved with methylation sensitive rare-cutter enzymes and hybridized with HLA class I general and locus specific probes.
This led us to suggest that although the twenty-odd class I -like sequences present in the approximately 1,000 kb long HLA class I region all contain CpG rich 5' regions with sites for rare-cutter enzymes, most of these are unavailable for cleavage because of methylation, and that the cleavable sites correspond to expressed HLA class I sequences.
In this paper we present studies on the accessibility of 5 1 CpG-rich regions of several HLA class I genes to methylation sensitive rare-cutter enzymes and show that the sites present in the HLA-A, -B and -C genes, and in a few other -but by far not all-class I related sequences, are cleaved to completion by these enzymes : these particular CpG-rich regions thus meet the criteria for HTF islands. We then use this feature and specific 5'
probes to determine the exact physical distance between the HLA-B and -C genes and their transcriptional orientation on the chromosome.
MATERIALS and METHODS

Cells
HHK cell line, an homozygous typing lymphoblastold cell line (A3, B7, CW7) kindly provided by Marius Giphart, was routinely cultured in RPMI/640 supplemented with 10% heat inactivated fetal calf serum.
Electrophoretic Protocols and DNA preparation were performed as described (Table I, (11, 15 and Roller, Geraghty and Orr, unpublished experiments)). The accumulated data strongly suggest that all the HLA class I -related sequences display CpG clusters and thus potential cleavage sites for rare-cutter enzymes. However these enzymes are inhibited by 5meC methylation and are expected to cleave only if the CpG cluster is unmethylated, i.e. corresponds to a so-called "HTF island" (14) . Our previous results (5), in which relatively large fragments were revealed in pulsed field gels of human DNA cleaved with rare-cutter enzymes and hybridized with general and locus-specific HLA class I probes, suggest that only some of these CpG islands are in fact HTF islands. We thus designed experiments, using the HLA-homozigous lymphoblastold cell line HHK (HLA-A3, B7.CW7), to determine whether or not rare cutter sites present in given HLA class I genes were cleavable, i.e.unmethylated.
• Nae I single rare cutter site (e.g. BssH II for HLA-B7, see Fig. 2 ) the experiment shows that this site is cleavable ; when several sites for the same rare cutter are present the data only gives information on the cleavable site most proximal to the 3' probe. In all cases this appears to be the most 3' site present in the sequence. In such cases the methylation status of sites for this enzyme located 5' to this cleavable site is not determined by the experiment, although the aggregate data with the various enzymes used indicate strongly that the whole rare-cutter site cluster is unmethylated.
On a more general basis hybridization of the same blot with a "general" HLA probe, derived from the third domain exon of the HLA-CW3 gene (5) shows that several but not all bands are cleavable by rare cutter enzymes ( Fig. 2) : for example BssH II, which has at least one site in more than half of the known HLA class I sequences, leaves many Hind III bands untouched; even Sma I or Nar I, which have -often multiple-sites in all sequences examined do not cleave all bands. Similar experiments were performed with two other lymphoblastold cell lines and gave essentially the same results. We thus reach the conclusion that the 5' CpG rich regions of HLA-A, -B and -C genes are essentially unmethylated, i.e. constitute HTF islands as expected for generally transcribed genes, and that several -but not all -class I related sequences are also unmethylated. Whether these are also generally transcribed is not known. Table 2 Summary of PFG results : Sizes of fragments observed with different specific probes (top) after cleavage of HHK DNA with a number of rare-cutter enzymes. genes were cleavable, we expected that these genes straddled two large DNA fragments, and that specific 5' probes could show this. Accordingly we derived probes specific for the A3, B7 and CW7 genes and located 5' of the cluster of rare-cutter sites present in these genes (Fig. 1) . Fig.4 (Fig. 6 ) around these genes can be generated using this data and results from single and double digests, some of which are shown in Fig.3 with a general summary in Table II Linkage, distance and orientation of Che HLA-B and -C genes
The HLA-B and C genes had been physically linked within a maximum of 250 kb and a minimum of 80 kb from each other in previous PFG mapping studies (16, 17) . Using the fact that Mlu I cleaves within each of these two genes we were able to show that they lie in fact at the opposite ends 
